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(54) Method of Image formation, dosimetry and personal monitoring 



(57) A method has been provided of Image forma- 
tion, dosimetry or personal monitoring wherein said 
method comprises the steps of (a) storing energy In 
stimulable phosphors coated In one or more layers of 
said screen or panel; (b) converting said energy to 



emission energy and (c) detecting said energy, charac- 
terized in that said converting step proceeds by means 
of a source of pressure energy. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention is related with a novel 
method of image formation (whether or not radio- 
graphic), dosimetry or personal monitoring, and more 
particularly, to a method to release energy stored In 
stimulable phosphors, coated in storage phosphor 
screens or panels. 

BACKGROUND OF THE INVENTION 

[0002] Well-known in diagnostic imaging is the use 
of phosphors in the production of X-ray images. In a 
conventional radiographic system an X-ray radiographic 
Image Is obtained by X-rays transmitted image wise 
through an object and converted into light of corre- 
sponding intensity In a so-called intensifying screen (X- 
ray conversion screen) wherein phosphor particles 
absorb transmitted X-rays and convert them Into visible 
light and/or ultraviolet radiation. As silver halide grains 
or crystals, present in emulsions coated in layers of a 
silver halide photographic film material are more sensi- 
tive to the thus converted X-ray energy than to direct 
impact of X-rays (due to a less effective absorption of 
those energetic X-rays) the said conversion is in favour 
of image formation on the film material. 
[0003] According to another method of recording 
and reproducing an X-ray pattern disclosed e.g. in US- 
A 3,659,527 a special type of phosphor Is used, known 
as a photostimulabie phosphor, which being incorpo- 
rated in a panel is exposed to incident pattern-wise 
modulated X-rays and as a result thereof temporarily 
stores energy contained In the X-ray radiation pattern. 
At some Interval after the exposure, a beam of visible or 
infra-red light scans the panel In order to stimulate the 
release of stored energy as light that is detected and 
converted to sequential electrical signals which can be 
processed in order to produce a visible Image. For this 
purpose, the phosphor should store as much as possi- 
ble of the incident X-ray energy and emit as little as pos- 
sftjie of the stored energy until stimulated by the 
scanning beam. This is called "digital radiography" or 
■computed radiograph/. 

[0004] Use of alkali metal halide phosphors in stor- 
age screens or panels Is well known in the art of storage 
phosphor radiology, wherein at least part of the energy 
contained in an X-ray pattern is temporarily stored. The 
high crystal symmetry of these phosphors makes it pos- 
sible to provide structured screens and blnderless 
screens, in favour of image quality. Examples of such 
alkali metal phosphor can be found in several docu- 
ments. In e.g. US-P 5,028,509 a phosphor correspond- 
ing to general formula : 

(M 1 . x .M , x )X.aM 2 ' l 'X , 2 .bM 3+ X' , 3:dB l 



wherein M is Cs or Rb, M' is at least one metal 
selected from the group consisting of Li, Na, K, Rb, and 
Cs, M 2+ is at least one metal selected from the group 
consisting of Be, Mg, Ca, Sr, Ba, Zn, Cd, Cu and Nl, M 3 * 

5 is at least one metal selected from the group Sc t Y, La, 
Ce, Pr, Nd, Pm ( Srn, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, 
At, Ga and In; X, X* and X" can be the same or different 
and each represents a halogen atom selected from the 
group consisting of F, Br, Ci, I with the proviso that all X' 

io atoms are the same, B is an element selected from the 
group consisting of Eu, Tb, Ce, Tm, Dy, Pr, Ho, Nd, Yb, 
Er, Gd. Lu, Sm, Y, Tl, Na, Ag, Cu. Mg, Pb, Bi, Mn, and 
In. 0 £ x £ 1 en 0 £ a £ 1 en 0 $ b <, 0.5 en 0 < d £ 0.2 
[0005] In US-A 5,055,681 a binderless screen com- 

is prising the phosphor as disclosed in US-A 5,028,509 
has been disclosed. 

[0006] In US-A 4,806,757 a Csl phosphor has been 
disclosed, comprising between 0.0001 to 1 mole % of at 
least one element selected from the group consisting of 

so Li, K, Rb, Cu, Au, Be, Mg, Ca, Sr, Ba, Zn, Cd, Hg, B, Al. 
Ga, In, Tl, Sc, Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, 
Er, Tm, Yb, Lu. SI, Tl, Zr, Ge, Sn, Pb, As, Sb and BI. 
[0007] Alkali metal halide phosphors performing as 
desired qualities absorption characteristics, speed, 

25 storage capabilities etc. have been disclosed in EP-A 0 
751 200, wherein besides high speed also high chemi- 
cal stability and low sensitivity to humidity have been 
appreciated as well as ability to produce screens com- 
prising vapour deposited phosphor layers providing high 

30 image definition. 

[0008] The radiation image storage phosphor 
screen according to that invention comprises an alkali 
metal halide phosphor characterized in that said phos- 
phor contains a dopant selected from the group consist- 

35 ing of Ga 1+ , Ge 2+ , Sn 2 \ Sb 34 * and As 31 ". In a preferred 
embodiment thereof the alkali metal is Cs and/or Rb. 
[0009] In order to provide a method for recording X- 
rays following steps were recommended: 

40 (i) exposing a photostimulabie storage phosphor 
screen, comprising novel alkali metal halide phos- 
phors, 

(ii) stimulating said photostimulabie screen in order 
to release the stored X-ray energy as stimulated 
45 light and 

(ill) collecting said stimulated light. 

[001 0] In order to release energy stored by a stimu- 
lable phosphor use has hitherto often been made of 

so optica) tight sources as mentioned hereinbefore. As a 
consequence thereof optical filters are required in order 
to separate light emitted by the storage phosphors after 
stimulation and light originating from the stimulation 
source, in order to develop a scan-head In order to scan 

55 a plate or panel built-up with stimulable phosphors in 
order to release said stored energy, it is recommended 
to reduce the volume of such a scan-head to a mini- 
mum. Especially when the detector, collecting said stlm- 
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ulated light Is a CCD with Fiber Optic Plate (FOP), the 
Image plate should be placed in direct contact with this 
fiberoptic plate in order to obtain a sufficiently good res- 
olution. Presence of any extra Intermediate layer, as 
e.g. a filter layer, may lay burden thereupon and any 5 
measure in order to simplify the process of reading out 
a storage phosphor Is welcome. 

OBJECTS OF THE INVENTION 

10 

[0011] Therefore it is an object of the present inven- 
tion to provide an easy method in order to stimulate 
storage phosphors and panels built up with said storage 
phosphors. 

[0012] Moreover it Is an object to provide easy is 
detection means for the energy release by the said stor- 
age phosphors and panels, more particularly with 
respect to (radiographic) Image formation, dosimetry 
and personal monitoring. 

[001 3] Other objects will become apparent from the 20 
description hereinafter. 

SUMMARY OF THE INVENTION 

[0014] The above mentioned objects are realized 25 
by providing a method of image formation, dosimetry or 
personal monitoring wherein said method comprises 
the steps of 

(a) storing energy in stimulable phosphors, and 30 
more particularly with tribostimulable phosphors, 
coated In one or more layers of said screen or 
panel; 

(b) converting said energy to emission energy and 

(c) detecting said energy, 35 
characterized In that said converting step proceeds 

by means of a source of pressure energy. 

[0015] Because the emitted light energy is propor- 
tional with the pressure applied to the tribostimulable 40 
phosphors coated in said storage screen or panel, this 
technique is also suitable for measuring pressure 
forces. 

[0016] Specific features for preferred embodiments 
of the invention are disclosed in the dependent claims. 45 
[001 7] Further advantages and embodiments of the 
present Invention will become apparent from the follow- 
ing description and drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 



[0018] 



50 



Fig. 1 shows an Image Plate essentially consisting 
of a storage phosphor plate wherein an "X-ray" ss 
image has been stored. By means of a Knife Edge 
a pressure force £ is performed linewise on the 
Image Plate, whereby the stored energy is released 



and becomes read-out by a CCD via a Fibre Optic 
Plate (FOP) . 

Fig. 2 shows an Image Plate essentially consisting 
of a storage phosphor plate, Just as In Fig. 1, 
wherein an "X-ray* image has been stored. By 
means of a continuously rolling roller (opposite to 
the discontinuous linewise registration by the Knife 
Edge as in F1g.1), wherein the said roller linewise 
performs a pressure force £ on the Image Plate , the 
stored energy is released and becomes read-out by 
a CCD via a Rbre Optic Plate (FOP) . 

Fig. 3 shows a Plate carrying a layer having Piezo- 
electric Crystals, whereupon and in direct contact 
with it, the Storage Phosphor layer is present, said 
Storage Phosphor layer being covered with a Trans- 
parent plate . The "X-ray" Image stored In the the 
Storage Phosphor layer is read-out after release of 
stored energy by a pressure force generated pixel- 
wise by the said piezo-electric Crystals. As a detec- 
tor, just as In Fig. 1 use is made of aCCEL capturing 
the pressure converted and released energy via a 
Fibre Optic Plate (FOP) . 

DETAILED DESCRIPTION OF THE INVENTION 

[0019] In this document the term "X-ray" should be 
understood as any penetrating radiation and includes 
La. radiation originating from a radioisotope (e.g. a 
C06O source), radiation created by an X-ray generator 
of any type, radiation and high energy particles created 
by a high energy radiation generator (e.g. Betatron), 
radiation from a sample labelled with a radioisotope as 
is the case in e.g. autoradiography. 
[0020] Although composites showing "tribolumines- 
cence" are known in literature as e.g. described in Opto 
& Laser Europe, issue 61, published April 1999, 
wherein it has been established that "composites glow 
where they crack" and that "Reinforced polymers that 
emit red, green or blue light where they fracture could 
give aircraft a "skin" that senses damage" as described 
In a report on the performance of resins containing light- 
emitting crystals, nothing has been suggested nor dis- 
closed about "tribostimulabirrty" of storage phosphors or 
stimulable phosphors. It has thus unexpectedly been 
found that conversion of energy stored In phosphor 
composites having energy storage properties, like the 
storage phosphors, well-known In Image storage phos- 
phor plates or panels used In diagnostic Imaging by X- 
rays, converting Is, besides the well-known stimulability 
by lasers, performed by means of a source of pressure 
energy. 

[0021] Storage phosphors suitable tor releasing 
stored energy therein by pressure are called "tribostim- 
ulable phosphors" In the present invention Said tribos- 
timulable phosphors in most general form are alkali 
metat-halide phosphors and, more preferably are alkali 
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metai halide phosphors have a composition based on 
CsBr and CsCI. A more preferred suitable "tribostimuta- 
ble B phosphor providing release of stored energy to be 
read-out under the Influence of pressure energy Is 
CsBr:Eu. The mechanism has also been found to apply 
to other phosphor compositions as there are CsBr and 
CsCI (without further dopant); CsBnEu.Gd ; CsBr:Ga; 
CsBr:Ca ; CsBr: Sr, CsBrGd ; CsBnCsF ; CsBr:CsOH 
; CsBr:Cs 2 C0 3 ; CsBrCsaSC^ ; CsBr:Ge ; CsBr:Sn ; 
CsBr:Au ; CsCI:Eu ; CsCIq 5 Br a5 :Eu ; CsBnln ; CsBrCe 
; CsBr In, Ce ; CsBnTb RbBnGa; RbBnGa.U and more 
in general terms to all phosphors mentioned in US-A 
5,028,509 and in EP-A 0 751 200. Further Interesting 
storage phosphors are KBr:Cu; KCI:Cu; KCI(1- 
x)Br(x):Eu, wherein 0<x<1 and KCI(1-x)Br(x):Cu, 
wherein 0<x<1. KBrEu is a particularly preferred pres- 
sure stimuiable storage phosphor giving rise to the 
emission of blue light after having been pressure stimu- 
lated. As a further advantage e.g. versus CsBr.Eu it is 
much less moisture sensitive. Moreover from the point 
of view of dark discharge ft Is a very interesting and suit- 
able pressure stimutable phosphor. 
[0022] Methods suitable for the determination of 
trfbostimulability' of storage phosphors have been 
described in the Examples hereinafter. Phosphor sam- 
ples of phosphors suitable for use in the context of the 
present Invention dearty show emission of visible light 
after applying pressure forces. In a dark room, the light 
emitted by performing the said pressure force is clearly 
observed through an optical filter at the moment of 
application of said force. The intensity of emitted light 
caused by the pressure force is further very much 
higher than emitted light caused by afterglow, it has 
been found also that the crystals are emitting strongly 
when the surface of the crystal has been damaged with 
e.g. a knife or even with a nail of a finger. So when the 
tribostlmulable crystal is cracked an intense light pulse 
is detected. When the storage phosphor crystal show- 
ing tribosttmulaMtty is not exposed to X-rays or is com- 
pletely erased with a light source after stimulation It has 
been established that no emitted light is leaving the 
crystal after application of a pressure force, wherein the 
crystal has been damaged or cracked, it is clear that 
only stored energy, captured after a previous exposure 
with ionization radiation (as e.g. X-rays) of a composite 
storage phosphor crystal suitable for use In the method 
of the present invention is released by pressing, damag- 
ing or cracking the said crystal. 
[0023] In the method according to the present 
Invention, providing means of (radiographic) Image for- 
mation, dosimetry or personal monitoring, the said 
method thus comprises the steps of (a) storing energy 
In (tribo)stimuIable phosphors coated In one or more 
layers of said screen or panel; (b) converting said 
energy to emission energy and (c) detecting (or collect- 
ing) said energy, with the characteristic feature that said 
converting step proceeds by means of a source of pres- 
sure energy. 



[0024] In one embodiment the method according to 
the present invention said stored energy is correspond- 
ing with energy divided homogeneously over the screen 
or panel or with a latent image. Said energy is, in a pre- 

5 ferred embodiment provided by irradiation exposure 
with X-rays. So in the Examples experiments were e.g. 
performed by irradiation of a phantom, replacing parts 
of the human body normally set free to e.g. X-ray expo- 
sure for diagnostic purposes, without however limiting 

10 said exposure to 'X-rays' as already explained herein- 
before. 

[0025] It is clear that In order to apply the method as 
described to the present invention irradiation energies 
should be high enough in order to provide storage of 
is said energies by the tribostlmulable storage phosphors. 
[0026] According to the method of the present 
invention stimulability by pressure is provided sheetwise 
by a source of pressure energy. This means that the 
whole storage phosphor plate or panel is read-out in 
20 one step, wherein on every site of the panel pressure Is 
applied equally by means of another panel of the same 
size. In another embodiment pressure is provided pixel- 
wise by means of piezo-electrteaJ crystals as a source of 
pressure energy. The storage phosphor panel and the 
25 piezo-eiectrlcai crystals are therefore preferably placed 
in Intimate contact between two plates, wherein at least 
one of them (the one through which emitted light from 
the stimulated tribostlmulable phosphor has to pass in 
order to be captured and to be read-out) is transparent 
30 for the light emitted after pressure stimulation by the 
energy-loaded storage phosphor crystals in the storage 
panel. In order to read out such a pixel a voltage is 
applied to the piezo-electrical crystal positioned to the 
said pixel. As the crystal is expanding thereby, its pres- 
35 sure thus generated is applied to the storage phosphor 
and, consequently the pressure stimulable storage 
phosphors emit energy to be read-out Separately acti- 
vated piezo-electrical crystals thus provide all pixels to 
be read one after another, thus generating a read-out 
40 pattern, corresponding with the original phantom irradi- 
ated with high energetic radiation. 
[0027] In still another embodiment according to the 
method of the present Invention pressure is provided 
linewise by means of a knife-edge or by means of a 
45 roller as source of pressure energy. By means of a 
knife-edge a line-wise detection is obtained over the 
whole storage phosphor plate or panel In a discontinu- 
ous way by aiternateveiy moving the plate up and down, 
in orderto get a line-wise detection overthe whole stor- 
50 age phosphor plate or panel in a continuous way it is 
recommended however to provide pressure by means 
of a roller. Rolling the said roller over the entire surface 
of the storage panel makes the whole latent image 
stored in the storage panel to be able to become read- 
55 out. 

[0028] In a particular embodiment according to the 
method of the present Invention energy is added to the 
(tribostlmulable) storage phosphors coated in a screen 




or panel in order to get rt divided in a homogeneous way 
over the whole surface, wherein pressure is performed 
by means of a part of the body, e.g. a finger, one or both 
hands, or one foot or both feet without however being 
limited thereto, whereafter a fingerprint, a print of one or 5 
both hands or a print of one or both feet is obtained by 
direct detection of energy released by pressure in that 
way or by detection, afterwards, of energy left In the 
storage phosphors after release of part of said energy 
as a consequence of pressure applied to the screen or to 
panel. 

[0029] This is not onfy applicable in security sys- 
tems (as e.g. for fingerprints) but also in all applications 
wherein exact measures or sizes, e.g. of a foot or feet, 
are required In order to provide the best suitable 15 
(sport)shoes, or In any application wherein the body 
should be provided with closely fitting coatings as e.g. 
clothes, sportswear for all sports, and particularly for 
those wherein resistance should be minimized against 
water (for swimming and all sports and professional 20 
duty related therewith) or wind (for cycling, athletics, all 
sports and all forms of professional duty related there- 
with). Also in all applications wherein exact sizes should 
be known, e.g. for packaging, wherein rt is difficult to 
measure the best fitting package, due to its irregular 25 
surface or form, this method brings a solution. 
[0030] Minor differences in sizes between similar 
objects or between objects forming minor images (form- 
ing e.g.twtns") are also discernible from each other. A 
particular application e.g. forms the detection of differ- 30 
ences In size or form of mirror images, e.g. from feet, 
without however being limited thereto, in order to facili- 
tate corrections for orthopaedists. Analogously ortho- 
dontic applications are envisaged when examining 
teeth. 35 
[0031] As already set forth above in the method of 
the present Invention useful stlmulable phosphors are 
alkali metal-halide phosphors, and more preferably 
stimulable phosphors having a composition comprising 
at least one of CsBr, CsCI, RbBr, KBr, KCI or a combl- 40 
nation thereof and In a more preferred embodiment said 
stimulable phosphor has a composition further compris- 
ing a dopant selected from the group consisting of Eu, 
Gd, Ga, Ca, Sr, Ge, Sn, Au, Tl, In, Sb, Tb and Ce or a 
combination thereof. Said dopant(s) is (are) present 45 
therein in an amount of from 500 up to 50000 p. p.m. or, 
expressed in an alternative way, in an amount of from 
0.1 up to 5 % by weight. 

[0032] Alkali metal phosphors showing tribostimu la- 
bility, thus suitable for use in the method according to so 
the present Invention, can be produced according to any 
way known In the art, starting from phosphor precur- 
sors, e.g. oxides, carbonates, sulfonates, halldes, phos- 
phates, nitrates, oxalates, lactates, acetylacetonates, 
malonates, phthalates, alkoxides, phenoxides or ethyl- 55 
enediamlne derivatives of the metallons that are to be 
incorporated in the phosphor These phosphor precur- 
sors are mixed in the appropriate stoechiometric pro- 



portions and are then heated for a given time. After 
cooling, the sintered block of phosphor is milled into fine 
phosphor particles. The milling operation continues until 
phosphor particles with the appropriate average particle 
size and size distribution are obtained. During the prep- 
aration of the phosphor any known flux materials can be 
added to the reaction mixture. Flux materials useful for 
use in the preparation of the phosphors according to the 
invention are, e.g., halides, metasilicates of alkali met- 
als or alkaline earth metals. A very useful and preferred 
method for the preparation of alkali metal phosphors 
suitable for use in the method according to the present 
invention can be found in Research Disclosure Volume 
358, Februari 1994 p 93 item 35841. Another useful 
method for preparation of alkali metal phosphors suita- 
ble for use in the method according to this invention can 
be found in US-A 5,154,360. The average grain size of 
said alkali metal-phosphors is preferably in the range of 
2 to 25 nm, more preferably in the range of 3 to 1 5 urn 
[0033] Alkali metal phosphors are beneficially used 
In order to form a radiation image storage screen or 
panel in order to, according to the method of the present 
invention, provide recording and reproducing penetrat- 
ing radiation images, said method comprising the steps 
of 

i) exposing a tribostimulable storage phosphor 
screen, 

ii) stimulating said tribostimulable screen in order to 
release the stored energy as stimulated light, stim- 
ulated by pressure and 

ill) collecting said stimulated light. 

[0034] It Is possible to use the alkali metal phos- 
phors in the method according to the present Invention 
either alone or mixed with one or more other phosphors. 
[0035] Mixtures of alkali metal phosphors and other 
storage phosphors can be useful to fine-tune the quality 
of the screen (e.g. sharpness, noise, speed, etc). 
[0036] Opposite to the well-known optical stimula- 
tion by laser light of "classical" storage phosphors 
loaded with energy (as e.g. the activated barium stron- 
tium fluoro(hallde) phosphors, whether or not doped 
with Eu and/or other dopants as disclosed in EP-A's 0 
345 903 and in 0 522 605, wherein the wavelength of 
the stimulating laser should be within the range of the 
stimulation spectrum, In one embodiment of the method 
of the present Invention stimulation proceeds in an Indi- 
rect way by means of a laser source having a wave- 
length outside the range of the stimulation spectrum: 
scanning a screen or panel e.g. by a flying spot scan- 
ning laser locally generates heat, causing thereby local 
expansion of one pixel and, as a consequence of the 
thus generated local mechanical forces on the tribostim- 
ulable phosphor crystals, detectable tribolumlnescent 
signals are generated. 

[0037] According to the present invention a method 
is thus available wherein pressure is provided pixelwise 
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by means of a laser having a wavelength outside the 
range of the stimulation spectrum of the stimulable 
phosphors (wherein pressure is exerted indirectly by 
heat, further causing mechanical pressure forces by 
expansion). Storage phosphors known as having unsat- 
isfactory pJiglfistimutable properties become suitable 
for use, p rovlded that their tribos timu I able properties are 
satisfying. 

[0038] The storage screen or panels used in the 
method according to the present invention can be pre- 
pared by vacuum deposition of a phosphor according to 
the present Invention on a support, yielding a panel or 
screen having substantially no binder present It is also 
possible to prepare panels by electro-deposition of the 
phosphor onto the support, again yielding a screen or 
panel comprising substantially no binder. Very suitable 
electro-depositing techniques suitable for use in the 
method of the present invention are disclosed in US-A 
5,296,117. The storage screen or panel may be either 
serf supporting or may comprise a mixture of alkali 
metal-phosphor and binder, coated on a support 
[0039] Any binder known In the art can be used in 
order to form a screen or panel comprising an alkali 
metal-phosphor suitable for use In the method accord- 
ing to the present Invention. Suitable binders are, e.g., 
gelatin, polysaccharides such as dextran, arable gum, 
and synthetic polymers such as polyvinyl butyral, polyvi- 
nyl acetate, nitrocellulose, ethytceiiulose, vinylidene 
chloride-vinyl chloride copolymer, potyalkyl (meth)acr- 
ylate, vinyl chloride-vinyl acetate copolymer, poiy- 
urethane, cellulose acetate, cellulose acetate butyrate, 
polyvinyl alcohol, polystyrene, polyester, etc. These and 
other useful binders are disclosed e.g. in US-A 
2,502,529; US-A 2,887,379; US-A 3,817,285; US-A 
3,300,310; US-A 3,300,311 and US-A 3,743,833. A 
mixture of two or more of these binders may be used, 
e.g., a mixture of potyethyl acryiate and cellulose aceto- 
butyrate. The weight ratio of phosphor to binder in a 
storage panel suitable for use in the method of the 
present Is generally within the range of from 50:50 to 
99:1, preferably from 80:20 to 99:1. Preferably a self- 
supporting or supported layer of alkali metal -phosphor 
particles comprises said particles dispersed in a binding 
medium and a protective coating thereover character- 
ised in that the binding medium substantially consists of 
one or more hydrogenated styrene-diene block copoly- 
mers, having a saturated rubber block, as rubbery 
and/or elastomeric polymers. The polymer can be rep- 
resented by the formula A-B-A (trl-biock) or by the for- 
mula A-B (dl-block), wherein A represents styrene and 
B represents the hydrogenated diene block e.g. ethyl- 
ene-butyiene or ethylene-propylene. Furtherthe ratio by 
volume of phoshor to binding medium is referabty more 
than 70730 and still more preferably more than 85/15. 
The coating weight of alkali metal-phosphor particles 
can be adapted to the desired speed of the storage 
screen or panel, but preferably a coating weight 
between 5 and 250 mg/cm 2 , most preferably between 



20 and 175 mg/cm 2 , is used. By said hydrogenated 
diene copolymers, for use as rubbery and/or elasto- 
meric polymers, the phosphor layer has improved elas- 
ticity of the screen, high protection against mechanical 

5 damage and thus high ease of manipulation and allow 
high pigment to binder ratio without getting deteriorated 
by ageing after frequent reuse. Particularly suitable 
thermoplastic rubbers, used as block-copolymeric bind- 
ers In phosphor screens in accordance with this Inven- 

10 tion are the K RATON -G rubbers, KRATON being a trade 
mark name from SHELL. KRATON -G thermoplastic rub- 
ber polymers are a unique class of rubbers designed for 
use without vulcanisation. In the published report 
KR.G.2.1 (INTERACT/7641 /2m / 1186 GP KRA/ENG) 

is wherein a description of KRATON-G rubbers is given, 
the KRATON-G 1600 series rubbers are presented as 
block copolymers in which the elastomeric midblock of 
the molecule Is a saturated olefin rubber. KRATON-G 
1600 series rubbers are described to possess excellent 

20 resistance to degradation by oxygen, ozone and UV 
light and they also have high cohesive strength and 
retain their structural integrity at elevated temperatures. 
Application of the rubbers mentioned hereinbefore as a 
binder In phosphor screens has extensively been 

25 described In US-A's 5,569,530 and In 5,789,021 . 

[0040] A storage screen or panel comprising alkali 
metals suitable for use in the method according to the 
present invention can be prepared by the following man- 
ufacturing process. The phosphor layer can be applied 

30 to the support by any coating procedure, making use of 
solvents for the binder of the phosphor containing layer 
as well as of useful dispersing agents, useful plasticiz- 
ers, useful fillers and subbing or interlayer layer compo- 
sitions that have been described in extenso In EP-A 0 

35 510 753. Alkali metal-phosphor particles for use in the 
method according to the present invention are mixed 
with the dissolved rubbery polymer, In a suitable mixing 
ratio In order to prepare a dispersion. Said dispersion is 
uniformly applied to a substrate by a known coating 

40 technique, e.g. doctor blade coating, roll coating, gra- 
vure coating or wire bar coating, and dried to form a 
phosphor layer, tn the preparation of a storage screen or 
panel, one or more additional layers are occasionally 
provided between the support and the phosphor con- 

45 taining layer, having subbing- or interlayer composi- 
tions, so as to Improve the bonding between the support 
and the phosphor layer, or to Improve the sensitivity of 
the screen or the sharpness and resolution of an Image 
provided thereby. For Instance, a subbing layer or an 

so adhesive layer may be provided by coating polymer 
material, e.g., gelatin, a polyester cross-linked by a 
reaction with a tri-isocyanate or a polyester with only 
terminal hydroxy) groups, the chain length of which has 
been increased by the reaction of said terminal hydroxy! 

55 groups and a dl-Isocyanate, over the surface of the sup- 
port on the phosphor layer side. Said subbing layer may 
contain also modified thermoplastic acrylic resins such 
as those described above to improve the adhesion 
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properties of the subbing layers. A Itghrt-reflecting layer 
may be provided, e.g. by vacuum-depositing an alumin- 
ium layer or by coating a pigment-binder layer wherein 
the pigment is e.g. titanium dioxide: For the manufacture 
of tight-absorbing layer, serving as anti-halation layer, 5 
carbon black dispersed in a binder may be used but also 
any known anti-halation dye. Such additional layer(s) 
may be coated on the support either as a backing layer 
or interposed between the support and the phosphor 
containing layer(s). Several of said additional layers 10 
may be applied in combination. After applying the coat- 
ing dispersion onto the support, the coating dispersion 
is normally heated slowly to dryness in order to com- 
plete the formation of a phosphor layer. In order to 
remove as much as possible air entrapped tn the phos- 75 
phor coating composition it can be subjected to an ultra- 
sonic treatment before coating. Another method 
suitable to reduce the amount of entrapped air consists 
In a compression method as has been described in EP- 
A 393 662 wherein the said compression is preferably 20 
carried out at a temperature not lower than the softening 
point or melting point of the rubbery binder to Improve 
the phosphor packing density in the dried layer. 
[0041] In order to avoid electrostatic discharges 
during manufacture of the screen, especially during the 2s 
coating procedure, conductive compounds can be 
added to the phosphor/binder mixture or the support 
can be provided with a conductive layer (lateral resist- 
ance < 10 12 W/square) on that side of the support oppo- 
site to the side to be coated with the phosphor/binder 30 
mixture, if necessary, after coating the phosphor/binder 
mixture the conductive layer on the side of the support 
opposite to the phosphor/binder mixture layer, may be 
covered by a plastic sheet or web material. After the for- 
mation of the phosphor layer, a protective layer is gener- 35 
ally provided on top of the phosphor layer. The 
protective coating composition can be applied as 
described e.g. in US-A 4,059,768. In a preferred 
embodiment the protective coating composition Is 
applied by a rotary screen printing device as has been 40 
described in detail in EP-A 510 753. The top coat is 
preferably formed by applying a radiation curable coat- 
ing on top of the phosphor layer. 
[0042] When the radiation-curing is carried out with 
ultraviolet radiation (UV), a photoinrtiator Is present in 45 
the coating composition to serve as a catalyst In order to 
Initiate the polymerization of the monomers and their 
optional cross-linking with the pre-poiymers resulting In 
curing of the coated protective layer composition. To the 
radiation-curable coating composition there may be so 
added a storage stabilizer, a colorant, and other addi- 
tives, and then dissolved or dispersed therein to prepare 
the coating liquid for the protective layer. Examples of 
colorants that can be used In the protective layer include 
MAKROLEX ROT EG, MAKROLEX ROT GS and MAK- 55 
ROLEX ROT E2G. MAKROLEX is a registered trade- 
name of Bayer AG, Leverkusen, Germany. 
[0043] A variety of other optional compounds can 



be included In the radiation-curable coating composition 
of the present storage article such as compounds to 
reduce static electrical charge accumulation, plasticiz- 
ers, matting agents, lubricants, de-foamers and the like 
as has been described in the EP-A 510 753. In said 
document a description has also been given of the 
apparatus and methods for curing, as well as a non-lim- 
itative survey of X-ray conversion screen phosphors, of 
photostimulable phosphors and of binders of the phos- 
phor containing layer. The cured protective layer can 
also comprise phosphor particles. In doing so the 
speed/sharpness relation and the SNR (signal to noise 
ratio) of the screen can be improved. 
[0044] The edges of the screen, being especially 
vulnerable by multiple manipulation, may be reinforced 
by covering the edges (side surfaces) with a polymer 
material being formed essentially from a moisture-hard- 
ened polymer composition prepared according to EP-A 
0 541 146. An other very useful way to reinforce of the 
edges of a screen or panel, also those comprising alkali 
metal phosphors suitable for use In the method accord- 
ing to the present invention, is to coat the edges with a 
polymeric composition comprising polyvlnylacetate, 
crotonic acid arid isocyanates. Preferably a copolymer 
of vinyiacetate and crotonic acid (e,g. MOWILITH CT5, 
a trade name of Hoechts AG, Frankfurt, Germany) Is 
used in combination with Isocyanates. 
[0045] Support materials for storage screens suita- 
ble for use in accordance with the present invention 
Include cardboard, plastic films such as films of cellu- 
lose acetate, polyvinyl chloride, polyvinyl acetate, pory- 
acrylonitrlle, polystyrene, polyester, polyethylene 
terephthalate, potyamlde, polyimkte, cellulose triacetate 
and polycarbonate; metal sheets such as aluminum foil 
and aluminum alloy foil; ordinary papers; baryta paper; 
resin-coated papers; pigment papers containing tita- 
nium dioxide or the like; and papers sized with polyvinyl 
alcohol or the like. A plastic film is preferably employed 
as the support material. The plastic film may contain a 
light-absor-blng material such as carbon black, or may 
contain a light-reflecting material such as titanium diox- 
ide or barium sulfate. The former is appropriate for pre- 
paring a high-resolution type storage screen, while the 
latter is appropriate for preparing a high-sensitivity type 
storage screen. Examples of preferred supports include 
polyethylene terephthalate, clear or blue colored or 
black colored (e.g., LUMIRROR C, type X30, (trade 
name) supplied by Toray Industries, Tokyo, Japan), pol- 
yethylene terephthalate filled with T10 2 or with BaS0 4 . 
Metals as e.g. aluminum, bismuth and the like may be 
deposited e.g. by vaporization techniques to get a poly- 
ester support having radiation-reflective properties. 
These supports may have thicknesses which may differ 
depending on the material of the support, and may gen- 
erally be between 60 and 1000 u.m, more preferably 
between 80 and 500 urn from the standpoint of han- 
dling. A screen or panel comprising an alkali metal- 
phosphor suitable for use in the method according to the 
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present invention may carry an antistatic layer either on 
top of a protective layer or on the side of the support 
opposite to the side carrying said alkali metal-phosphor. 
Said antistatic layer may comprise inorganic antistatic 
agents, e.g. metal oxides, as disclosed In, e.g., EP-A 0 
579 016 as well as organic antistatic agents (polyethyl- 
ene oxides, pory(ethytenedioxythlophene) as disclosed 
in, e.g., EP-A 0 440 957. 

[0046] In the method according to the present 
invention detecting (or collecting) said energy stored in 
tribostimuiable storage phosphor panels proceeds by 
means of a CCD, a PMT or a photodiode-array. In a pre- 
ferred embodiment thereof said said CCD, PMT or pho- 
todiode-array is in indirect contact with the storage 
panel by means of a fiber optic plate or In the alternative 
by means of an array of focusing cells or lenses. 
[0047] A particular application of the present inven- 
tion provides a method to determine in a quantitative 
way stored amounts of radiation energy originating from 
radiation having a wavelength of 350 nm or less, com- 
prising the steps of : 

I) providing a personal monitor comprising a hous- 
ing, a storage phosphor panel providing energy 
conversion of said storage phosphor panel by 
means of pressure energy; wherein said phosphor 
panel is capable to absorb Incident radiation energy 
originating from radiation having a wavelength of 
350 nm or less, wherein said storage medium com- 
prises a storage phosphor panel capable to store 
said radiation energy, wherein said panel Is covered 
with an optical fitter absorbing radiation having a 
wavelength of 350 nm or more; 

II) opening the housing of said monitor thereby Irra- 
diating said storage phosphor panel covered with 
said optica) filter by incident radiation in such a way 
that said panel is exposed proportionally and simul- 
taneously with an object which is sensitive to said 
radiation; 

iii) closing the said housing, 

fv) reading out said storage phosphor panel by the 

steps of 

entering the personal monitor in a read-out 
apparatus, 

adding stimulating energy to the said storage 
phosphor panel by means of pressure, 
digitally detecting energy released from said 
storage phosphor panel by a detector; 

v) erasing stored rest energy, 

[0046] Apart from the use of tribostimuiable phos- 
phors as described according to the method of the 
present invention, ali other embodiments In order to pro- 
vide means for personal monitoring by measuring irradi- 
ation of the human skin by (overexposure to harmful 
UV-A and UV-B radiation originating from sun-rays 



and/or sun panels, have been described in EP-A 0 892 
283. 

[0049] In another embodiment according to the 
present Invention a method has been provided for mon- 

5 itoring a dose of penetrating radiation absorbed by an 
object, wherein said method comprises the steps of (i) 
providing said object with a device for absorbing pene- 
trating radiation, Including a storage phosphor for stor- 
ing energy from said penetrating radiation, (ii) coupling 

to said storage phosphor at predetermined intervals to a 
source of pressure, in such a way that eaid pressure 
performs a pressure force on said phosphor, (iii) activat- 
ing said source of pressure in order to cause said stor- 
age phosphor to emit an amount of fluorescent light in 

is proportion to an amount of stored energy, (iv) reading 
said amount of fluorescent light and converting It in an 
electric signal value, (v) storing electric signal value(s) 
obtained at said predetermined intervals and process- 
ing them In order to evaluate a total amount of radiation 

20 absorbed by said object, (vi) comparing said total 
amount with a predefined threshold value in order to 
obtain a figure as a difference of values, and (vi!) dis- 
playing said figure on a decentralized display. 
[0050] Apart from the use of tribostimuiable phos- 

25 phors as described according to the method of the 
present invention, all other embodiments in order to pro- 
vide a device in form of a practical and reusable card for 
personal monitoring and reading of incident penetrating 
radiation energy as disclosed in EP-ApplIcation No. 

30 99200436, filed February 13, 1999. 

Examples 

[0051] While the present Invention will hereinafter 
35 be described in connection with preferred embodiments 
thereof, it will be understood that it is not intended to 
limit the Invention to those embodiments. 

DETERMINATION OF TRIBOST1MULABIL1TY" 
40 PROPERTIES OF THE PHOSPHORS 

[0052] In order to determine whether or not the 
phosphor was showing tribostimuiable properties, the 
phosphor was exposed to X-rays (200 kV, 10 mA) with- 

45 out filtering in dark with a dose of about 1 0 mGray. The 
phosphor crystal having two flat parallel surfaces was 
placed on a table. With an optical fitter BG39(3mm) of 
Schott the crystal was pressed manually between the 
table and the optical filter. Because the experiment was 

so performed in a dark room, the emitted light was seen 
through the optical filter at the moment that a pressure 
force was applied. The intensity of the emitted light 
caused by the pressure force was very much higher 
than the emitted light caused by afterglow. It was found 

55 also that the crystals are emitting strongly when the sur- 
face of the crystal was damaged with e.g. a knife or 
even with a nail of a finger. When the crystal was 
cracked, an intense light pulse was detected. When the 
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crystal was not exposed to X-ray or was completely 
erased with a light source, no emitted fight was found 
after carrying out the same experiments wherein a pres- 
sure force was applied to the crystal, wherein the crystal 
was damaged or cracked. From these experiments it s 
became clear that only stored energy, captured after a 
previous exposure with ionization radiation (as e.g. X- 
ray6) of a composite storage phosphor crystal suitable 
for use in the method of the present invention was 
released by pressing, damaging or cracking the said ro 
crystal. 

[0053] In order to make Images of phantoms 
exposed with X-rays, the exposed phosphor panel was 
placed between a pressure source and a detector. This 
detector was a CCD with an Optical Fiber Plate or a cell is 
foe lens. Pressure was performed in following ways: 

1) onto the complete plate; 

2) llnewise; 

3) plxetwise. 20 

[0054] As pressure sources following sources were 
applied: 

1) a knife-edge (Fig. 1) - In order to get a Hnewise ss 
detection over the whole storage phosphor plate or 
panel In a discontinuous way by alternatevely mov- 
ing the plate up and down; 

2) a roller-system (Fig. 2) - In order to get a llnewise 30 
detection over the whole storage phosphor plate or 
panel in a contlnupus way; 

3) a panel having piezo-electrteal crystals posi- 
tioned in a 2 dimensional matrix (Fig. 3) - in orderto 35 
get pixel-wise detection over the whole phosphor 
plate. The storage phosphor panel and the plezo- 
electrical crystals were placed between two plates, 
wherein at least one of them was transparent for the 
light emitted after pressure stimulation by the ao 
energy-loaded storage phosphor. In order to read 
out a pixel a voltage was applied to the piezo-elec- 
trteal crystal positioned to the said pixel. As the 
crystal was expanding thereby, its pressure thus 
generated was applied to the storage phosphor 45 
and, consequently the pressure stimulable storage 
phosphors were emitting energy to be read-out 
Separately activated piezo-electrical crystals thus 
provided all pixels to be read one after the other, 
thus generating a read-out pattern, corresponding so 
with the original phantom Image. 

[0055] Having described In detail preferred embod- 
iments of the current Invention, It will now be apparent to 
those skilled in the art that numerous modifications can 55 
be made therein without departing from the scope of the 
Invention as defined In the appending claims. 
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Claims 

1 . Method of radiographic image formation, dosimetry 
or personal monitoring, wherein said method com- 
prises the steps of 

(a) storing energy in stimulable phosphors 
coated in one or more layers of said screen or 
panel; 

(b) converting said energy to emission energy 
and 

(c) detecting said energy, 
characterized in that said converting step pro- 
ceeds by means of a source of pressure 
energy. 

2. Method according to claim 1 , wherein said stimula- 
ble phosphor is a alkali metal-hatide phosphor. 

3. Method according to any of claims 1 or 2, wherein 
said stimulable phosphor has a composition com- 
prising at least one of CsBr, CsCI, RbBr, KBr or KCI. 

4. Method according to claim 2 or 3, wherein said 
stimulable phosphor has a composition further 
comprising a dopant selected from the group con- 
sisting of Eu, Gd, Ga. Ca, Sr, Ge, Sn, Au, Ti, In, Sb, 
Tb and Ce or a combination thereof. 

5. Method according to claim 4, wherein said 
doparrt(s) Is(are) present in an amount of from 500 
up to 50000 p.p.m.. 

6. Method according to any of claims 1 to 5, wherein 
said stored energy is corresponding with energy 
divided homogeneously over the screen or panel or 
with a latent image. 

7. Method according to any of claims 1 to 6, wherein 
said energy is provided by irradiation exposure with 
X-rays. 

8. Method according to any of claims 1 to 7, wherein 
pressure Is provided pixelwlse by means of plezo- 
electrical crystals as a source of pressure energy. 

9. Method according to any of claims 1 to 7, wherein 
pressure Is provided pixelwlse by means of a laser 
having a wavelength outside the range of the stim- 
ulation spectrum of the stimulable phosphors. 

10. Method according to any of claims 1 to 9, wherein 
detecting proceeds by means of a photo-rnutrjpller, 
a photodiode-array or a CCD, wherein said CCD, 
said photo-multiplier or said photodiode-array is in 
indirect contact with the storage panel by means of 
a fiber optic plate. 
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11. Method according to claim 10, wherein said CCD, 
PMT or photodiode-anray is in indirect contact with 
the storage panel by means of an array of focusing 
cells or lenses. 

12. Method to determine In a quantitative way stored 
amounts of radiation energy originating from radia- 
tion having a wavelength of 350 nm or less, com- 
prising the steps of : 

i) providing a personal monitor comprising a 
housing, a storage phosphor panel providing 
energy conversion of said storage phosphor 
panel by means of pressure energy; wherein 
said phosphor panel is capable to absorb inci- 
dent radiation energy originating from radiation 
having a wavelength of 350 nm or less, wherein 
said storage medium comprises a storage 
phosphor panel capable to store said radiation 
energy, wherein said panel is covered with an 
optical fitter absorbing radiation having a wave- 
length of 360 nm or more; 
ll) opening the housing of said monitor thereby 
Irradiating said storage phosphor panel cov- 
ered with said optical filter by incident radiation 
in such a way that said panel is exposed pro- 
portionally and simultaneously with an object 
which is sensitive to said radiation; 
Hi) closing the said housing, 

iv) reading out said storage phosphor panel by 
the steps of 

- entering the personal monitor in a read-out 
apparatus, 

- adding stimulating energy to the said stor- 
age phosphor panel by means of pressure, 

- digitally detecting energy released from 
said storage phosphor pane! by a detector; 

v) erasing stored rest energy. 

13. Method for monitoring a dose of penetrating radia- 
tion absorbed by an object, comprising the steps of 
(I) providing said object with a device for absorbing 
penetrating radiation, including a storage phosphor 
for storing energy from said penetrating radiation, 
(il) coupling said storage phosphor at predeter- 
mined Intervals to a source of pressure, In such a 
way that said pressure performs a pressure force 
on said phosphor, (ill) activating said source of 
pressure in order to cause said storage phosphor to 
emit an amount of fluorescent light in proportion to 
an amount of stored energy, (iv) reading said 
amount of fluorescent light and converting it in an 
electric signal value, (v) storing electric signal 
value(s) obtained at said predetermined Intervals 
and processing them in order to evaluate a total 
amount of radiation absorbed by said object, (vi) 



comparing said total amount with a predefined 
threshold value for obtaining a figure as a difference 
of values, and (vll) displaying said figure on a 
decentralized display. 
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